It is crucial to understand the biophysical properties of intrinsically disordered proteins (IDPs) and protein regions (IDRs) as they participate in numerous biological functions by exhibiting a multitude of structural conformations and dynamics. While the molecular recognition functions of IDPs/IDRs include pathways to carry out signaling and regulation, the structural heterogeneity of IDPs are highly linked to the amyloid aggregation that is involved in critical human diseases such as Parkinson's disease, Alzheimer's disease, type II diabetes and others. The functional advantages of IDPs/IDRs are primarily facilitated by their disorder-to-order transitions, specifically in short regions, through low affinity binding with a variety of partners. We found that about 21% of the proteins in DisProt have structural models in PDB, either in full or in part. We developed and deployed a novel statistical potential, termed Position Specific Estimated Energy (PSEE), to study the mechanism of free energy change required for disorder-to-order transition, mediated by negative enthalpy change of the system and increased entropy of the surrounding water. PSEE computes the potential of each residue from protein sequence alone using the pairwise thermodynamic interactions and solvent accessibility of the residues in local neighborhood. In this study of characterizing the partner-binding sites within IDPs/IDRs and their transitions from disorder-to-order, we emphasize on determining the level of energy of the partners that induce the respective binding and, PSEE was effective in segregating the disordered and ordered residues by computing the energy gap in between. Further, we identified the binding region's likelihood of being disordered in its unbound state using a Disorder Predictor (DisPredict) developed by us. DisPredict is a SVM model with optimized radial basis function kernel and optimized threshold that employs a set of distinguishing attributes for disorder and order characterization including the novel PSEE. DisPredict, PSEE and our novel mechanism of partner-based identification of binding regions together, can assist in the experiments for drug discovery exploiting binding sites within IDPs/IDRs.
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